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ABSTRACT : PROBLEM TO BE SOLVED: To lower the cost of an auxiliary positive electrode drive 
circuit by installing a push-pull circuit which drives the common line, and an auxiliary 
positive electrode drive circuit and a positive electrode drive circuit which output driver 
voltage based on the voltage of the common line. 



SOLUTION: The common line COM driven by a push-pull circuit 3 which is composed 
from a high side P-FET Fp and the low side N-FET FN is connected to a power recovery 
circuit 4. In addition, it is connected with an auxiliary positive electrode drive circuit 5 and a 
positive electrode circuit 6 which output the driving voltage using this common line COM. 
The auxiliary positive electrode drive circuit 5 is constituted from a step-up transformer Tr 
alone, and the N-FET FN does not necessitate a level shifter because its source side is at 
the ground potential. And since the common line COM is connected with a power recovery 
circuit, none of the resistor group and the diode group are unnecessary in the positive 
drive circuit 6. 
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a. 

ts^mmx'$>>o. mmmm^^. ^mijm^^mmiz 
^^^tyjii—:$^-(:t-v^irLx^m7^ yiz 

^>'-ry^izXhmw^^{zi:K)\i!,ts-thbbh{.zy-^ 

K ^st \^x\ii-^ms.<7)i^:H(7)mum^m^-ti.^M 

tz^tt^tim^ L . mi^iii:hl^z:yy > H 7 >f yiz 

mm^^^t 2t^m^^'ftLxi^my-i y^z^m- 

rJ^-f ^- YizW^hmM^—^liz-ti> J: 5 {ci)-sit$-fr§ 
4^**T^i: ^- F t ^M?i|{Ctggg LTItrle 2 

coo 0 1 ] 



2> #131^9-34398 
[0002] 

[0003] z<ms(mm.zi~.v^x. mmm^i ~ 
t5 0. wfflj^sHi ~Ht b'rimmmp>.m<^Mi±, 

iz}X^ bm< WSiimz K> ^-r < ^'$^1. i 

Hi bmmKi , K, , -, K„ b(Dmcoim 
a. --A„ bmmKi . k. , k„ b<7)m 

<^iScm.'s:^L'^i-<-thfzib<7}nmcmb LT«< J: 
[0004] tfz. <r<7)DCyNVKX^t yMT^XVx 
^>7''&m9i,Z5Fi^, Z<7M9^mv^X , ^ITiZJ^ 

^'■'T-Vl (V) S^acOWaSI^IgH, -Hi. tjEcDfflSj 
'NVUX«S V„ ( V ) . - Ve ( V ) ^^oiPScmffi 
Rt=ft^7)^SWi^NVl.-xm£E-VE -Vk (V) 5&*e3SD§ 
ii^t. MffiJ^SH, ~H,. b'f'BiMMP.miz^WiM 

mi}^m^ iz < I, ^cr)x\ m 9 i a fc:. ^^moaflft 

yNVI^XS£EV„ (V) tJj:?/^®r^>fyl.;;?.^jE-VE - 
Vr (V) j&JEpjDSilS. 

[ 0 0 0 5 ] m^Ki t^ot »#32:;?ii! 

^ti tcfeV>T, W&jm^Hi --Hi iz]E(r)W^/vix 
^Yh (V) , 0 (V) «M<7)|lffiA, -A„ iOf^O 
*§3i.^-fe;^$i (EISW) tcMJSE-t^UffiAji m 
TK-lf-r) *^iE<7)S#i2.;?^^^V^xmffVft (V) . -Vg 

{v)miicommKi izM.(7>^^vi^x.mE-Vs -v 
K (V) ^^mu^ii^b. wmmui -Hl b^t^M 
mmRmio^i^ir)n^mM<ofz»>iz. t-rmj^n 

S7SS[^(clieS^fr»^3i^-b/P$i (H^-^^) izM 

jicii-^mmAti m^-iH') bmmK^ b(Dmx-mt& 

[0006] one. mmAfitiio < v) mtiL<r>m^K 
1 iz-o\,-^x(7yms^mmti tz. mmKi (cmc7)^yNvp 
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xmff- Ve - Vk ( V ) ^^Epjo^ixi. t , mmA 

,1 (la^-tt-r) i:I^K, t<nmi,ziiO - (-Ve ) - 
(-Vk ) =Ve +Vk (V) <7)^muhO, ZiTiW. 

K, /vtomiotatvNvwxmE-VE -\\ (v)coepso 

C 0 0 0 7 ] ^IBftll^H, -Hl cr)m&i:-Vj^ (V) 

tLx\>^i<r)it. m^m^tt , ts . ts . -. tK 

SHi ~Hl tmmKi SiOSE-Vi - (-Ve ) - 
(-Vk ) =Ve. +Vk -Vi (V) *^Jfc««l»«ESr 
S^^na^t-Vt (V) Offiar^LTW>S„ 

[0 0 08] ifcmmK. t~ov^t:{iisi«fc, 

xmJEVa (V) . dSAi — A„ iOr^iOS#a=-^-fe;W 
$2 (^S-tt-T) (c^itJiE-t-SllfiiA,, (0Srt^-f ) fcilE 

3i;^v\7i.xmE V;^ ( V ) , - Ve ( V ) mfiiCD 
mmKi (3me^s/N°;i^^igE-VE -Vj (v) ^^ep 

I., 

[0009] or t . ll«iA,2 J&''0 ( V ) ^{5<?5|^«SK 

x«ff-VE -Vk (V) i3-ma^ti^t. mmA^.t 

mmKi t(Omzl±0 - (-Vs ) - (-Vk ) =Ve 

+ Vr ( V ) com&ii^Mh 0 , ^ <7)m&t^^immms. 
^mx.^j:ot,zmm$tix\^^hcox\ m^&^siMc^m 
^mM<r)fziibi,zmmAt2 m^m^) tmrnKz t<r>m 
izm-^tim^^. z<r>mmmmii. mmizLxmm 

^n. mmfX'ii$>^imm^ti^. ^lx. psiskj 

[0010] zcn^, mi^^ 0 tc. «W^^Hi -H 
I. (DmtiLiJ^-Yi (V) fcrg^^iiTv^^OT', ^iJtM 

[00 11] ^'i>. LTDCv'sVI^^^^'JSr 



[0012] tB!*0iJ.t tXiy)mS tC^L/cD CVN*/l Xy< 

m^m^mi oisit^i lic^-r. 01 ojiawn 

V > j-T/HnlK 1 a >: -<> ^J^;;' ^' yj?. L J: 

-7^si}^hti:^m-nmm^\ hx-m^^hx^^h. 

[0013] iTt. HI 1 Aj -Ah SrIEWf-S 

/::a6c7)^SIIsl»IlIS& 2 2-^ L . P WMmi^ V v V'Jp. 
i?P, -Ph . NS«-?r^lfth7^>';^r?Qi ~Qm i-D 
J: t^U-'^/l. 7 tJ' Lp 1 — Lp.„ ^-S^f^X y ^ 2 
, ~2„ SfiigffRi ~Rb fc. 
„ hX-m^^fiXv^h . SfiilffR, {iPS^^^d 
Sh^>'>'';^:i'P, ~Ph Joil^NSm^mh^V-i-' 

^SAi —Ah (OmfiarO (V) (dS^LT- I^^A, 
—Ah ^»tt^^jSai-rS7ti6{7)4,C0T'S)S. 
1 14'^7)~*^fHiiXfc4^^^-f «y^2i -2„ 

[ 0 0 14 ] 0 1 0 t;^^L/caBftl^®)i!i&lHlS& 1 {cfcn^ 

^ ^-y^-^mizh-oxmi 2ic*-r. lai 0*3^1/01 
•-. tg , ■■■i±m9i,z^TMW\tmtx'hi. 

[00 15] ^c07"-yi^Ar;H5lKl aiONSS^j?*a 

mmi^-Vi (V) cofflgfji^MHi -Ht comasr-v 

L (V)*>ii>VH (V) tcai#±ff|,. ffljf»|^@H, - 

Hl c7)S{4*«Vh (V) t::?l§±A»'SiIla. -f-^*)*** 

5c>:tcj:r.-c. m:fjmmBimi h<DmFizw^i.ms} 

^gH, — Hl <?5m{a*-V„ (V) tH^L, 9^^^^ 
miSlti cr,ti^-mizPm.mrrW^h^y'J:^:^Ft ti^^ 
y-t^tX'^n^ti^ . 

[0016] mmt, cfymmz. m:hm>R\s]^ 
1 himr/mnFi. ^mzv^ (v) omi&i^shi - 

Hi <7)mia.z:Va (V)3&>i?>-VL (V) tl§|§Ttf 
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w^mmHi -Hl <7)mm.t^-Vi_ (v) t^if-p 

^T, S,tJlHlflXlHlSSl boK)f^t®igLfflft!j^:^Hi - 
Ht <7^mUL^-\\ (V) tC|l,^L, ffirat, £7)$5Tffi? 
fC NMl:#i^m h 5 > 1? F„ 7 ^ 

[0017] LT . t , , 1 2 T'crJl&m*^J;^ 

■tX'jiZ^ ^>'^>^>'XLfcJ:J/^-.^^-HDu,, D 

{i. Mjj^u^mihcomi^mmizj^^nmmmH, - 

[0018] ort. Ccom::^3[ElJKIfi]iiS 1 bfO»f^tco 

I (V)*^^>Vh (V) (-?(#±{fSi#fi. Nsm-i^ 
^h-7>'>''X:J'U, z::t>'lz-ti>t. 1/2 (Vh - 

Ui . .r>f;t-HD„i. >';?';?:5'>-;::lL$•ilt.T>^':=^ 
;^O^^^^Cp iz^mM^i^^^. ZtiizJ:*)-^y 

—Hl COm&r-Vj^ (V)*^/t>l/'2 (Vh -Vl ) 

(V) tX'W-h±if^miz ^ yr::^^>:?.i^Am:tjz:m 
X.. mmmmHi -Hl <^miiL^iy2 (v„ -v^ > 
(V) :i>^/?>$ii>(:vH (V) ±X'ntb±ifhm\,z^>y 

[00 19] ii«{cLT, nmmmH, -h^ co«©s- 

Vh (V) :«;-*/i>-VL (V) (c?|t!T(f^i:#{i, 
m^1S}^hyyz/:z.^V. S-jJ-V-tc-r-S. Vh (V) 
iO^^**^^ itT v>^ D c >- vi^sz.^ ^ • ; 

T 1 / 2 ( Vh - Vl ) ( V ) 0«aitC7Em«k*-'iRLM 

ML, Mft&llSHi c7)S{if-V„ (V) ij^i^lX 

2 (Vh -Vl ) (V) 4T'?|# W^^tC-Or^'^ 
>';?.L*Jm:^i2rSi.. Sffijl^^Hj .-tHl ^«{a^i/ 
2 (V„ -Vl ) (V) *>^$^>t~wVL (V) 

§ T(f^ rate -f >' r :!^>xL t^^<7ym tt^m.-ti^Cy, 

iz^x. ?>zt izX *)^mm:h(7)miRtfiffhii^ , 

[ 0 0 2 0 ] in 1 0 iz^^mmmmmms^ i a. mjj 
igjRiaf&i b2-:tLTi^s<7)T\ mmmmH, -Hl 



#^^9-34 3 9S 
^'i>^. o#'tc. Hi lCS^L7^ll^lia!j|l]ii§2fci3 

v^T, i^ffiAj izmn-t^mm-^vi-xmmcD^-^ s. >^^ 
10 02 1 J 01 it6^t/mi4i:mv^xz<Dmmmb 

^Qi {i. I114(c:^^j;3fc, ^ix^fiicmz^y/ 

[002 2] C:<^)#^f^:;7,^.v^2i iONMSI!t^.*h 

i^'X^'Pi j&J::t>-L. 0 (V)£O^SAi iTJ^fiEf" 0 
(V) Ti-iiVfl (V) t=5[^±{f i^ii-ri). L*^L., 

1 4 tZTiN-l- J: 5 tc. cOi^SrMtT^*Hc 0 
(V) ;6-/bVA (V) t?|#±{f^>fLS, ^<7m^ m% 

wmt, <ni^-j^\,z¥mmm^v^yi^x9P^ 
k (V) (cia^^jxi.. 

[0023] Sgratz £7)g|5icNSm-f!^mh 

*i^>-L. V» (V)£^ll;ffiAi <?)^fi 
2-V^ (V) A»/i>0 (V) fc5l#TtfJ:dh-rs. t*^ 

SAi <7)mfi{i. 014tC^-r idt:, TcrC7)^^^3&> 
tt-C^4**-t:Vfl {Y)i3^hQ (V) 

*-«0£7)f , l^ffiAi iomfifi. ^<r>ttO (V) 

[0024] tJt, ->w<^)^t^ t\ mtiinm^jk 
i^^Ai cT^'mmt. m,v^xo (v) tcii^^ixTt: 

ttt^jih. L;&»L, l^-f-^Hfli, (?!l^{fllffiA2t: 
0 (V) t;:lll.^$ii:5rv^i7)T\ 01 4(cs^-rj: 3tc 

0 (V) ^(Dmii. -o^'cTymmti o^^rmt 
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[00251 z<r>m. IE^e(2l#*,_b&>'^/>^@A, cn> 

rr^m vyyi^x^p, is i t^Nsm^rSsii b ^ >- s^^^^ 

[00 2 6] $^>{c. orwfflHts «fiJi.tf»§3. 

-. A„ {,z->\^xi,mm\izni:>fih, fctct, m^&^ 
f^mizi^xmR^ti^. tfz. mmmm^o (v) i,z 

mitlXV^^Tmti , t, , -tiJi^T. W^{f09 

[0027] ::<?D J: a la 1 1 tc^^l^ffi^II]g&2 
ti. ■S-4^«£X-f >xf-2i . 2h **#I1«SAi . 

-. Ah cr)iSi±Lfz9^&i^. n»-^&^mmzfBtx 

;t:flil&lt^ia!jlHlS& 1 coi a tc:. 1 ^(T^mtt^sHRm^T 
^mtxmif^Z bifiX'^^j:\>K ^<r>fz>sb. Z<7)i^X' 
(±^^flc^>f ■y^2, ~2h <7)f^'a«:'3*^'::;*:#<*-SO 

^2i -2h c7)ai:t(^*<fifiLSRi -Rm Sriit-CH® 

Ai ~A„ izmm^ixxao . zcomK^Ri -^Rh ^z 
^^mSiOPMm^^&Hh^vi^'x^p, — P|, 

[ 0 0 2 S ] 

igftE^KT'ti . mjmmm}^^ i cor </ > r^i- 

>''j^.^F„ <7)^y:i-yz:mm-t^Mm^^comR<:mt 
0 (V) X'^j:\>^<r>X\ PSm^r^h9>i'-X.^Fp , 



[002 9] tfz. mmm}^m2ii. mm<^X'jiz. 

#4^f*:X-^>:/^2i . •-. 2h *«#I1®A, . A 

^§:ikif^ztifiX-^^\>\ ^<r>fzif). z<7)itX'ii^ 

#f^X^ y^2, -2„ cr>mWm^iz^<^?>(7)T. 

zix^ix^-thfzib. mmmmmmiximi itiK-r 

idtC. #»*X^-y^2i ~2„ i7)aj:^jj^*iigj5T:||R 
, ~Rh ^mtXMAi -A„ t^gl^ixTfcO, C 

c7)StiiiiRi -Rb i,zj:t)inmmtKD-^imoXoiz 

yz/x^p, -Ph iiJ:x/Nmm^^mh.yy'Jx^Q 
1 -QBC7)<c^*nrtgtL.TV^S*^ SCiURi -Rh 

m2tiitlXhTyTI,Z^?>t^^0^m^^$}h, 
[0030] ^0±. C:Ol^l5ffi|jjEK2ii. StJtfIR 
, -R„ 3!)>*S)^fv:i6i:, S§a^^NVUx«fiEi^»i)«M 

tc. nm^iiA:miizmmm&<^^-h±i}^ o o , 
yx-7y' ^ xy]y-(mm.<7)^a&nnizmm-th^mm 

fi^mU^X'^^\>^fzib. l^liffif6IIl{fS20?&'a^tj*< 

[ 0 0 3 1 ] $ ii>tc. aifti^figigiijiHiisi t z(nmmm 

il)llIffi2fc*»*SiJIlimc^oTt^-&/::»^>. M#Oigtt:J'-f 

(7>imx'W±i-^t. mwi^mHi ~Hi hi^@A, - 
A„ mzmimt/^^t. ^m^Dc^-iji-x^^^omr 
y XV ^xTv^ mm<7)ms&n^ii^izmizmt -s. 
x\ ztitzj: ^mmm^<r>m±<Dfz!ibi,zmmm}ms& 2 

^m^Vyy-JX-^P^ ~P„ fcit^NSmi^^mh^ 

[0032] zcr>^m<r>m 1 C0B6<?I4. Sffijl^^iiei&lsl 
S§C03.X h 5:Tff t I. D CJ^jUX^^E: UMT 

yx^y"^ xTu^^m<7)mmmm^^m^mmi-^ 
ztx$>?>. zcD^B^cr>m2(7)smi. mmmsim^cT) 

3X h ^Tif^Z t tf^X'^ S D C y ^V^;^;/ 1 U ^7*7 X 

[0033] z<7)^(r>m3<r>smi. sta^scmsr 
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[00 34] 

W.±. ^W-^f-f H^I!l«#«&m^7>'>'^;S'^3J:t;:^-'9- 
mint . itii^ ^ >-{c^^§ix^tii7 ^ >'<7imEizm 
[00 3 5] z<7)j:'jrj:^^izitt. mmmmmisi 

vi-^^ Ymnm-m^vvvi^y.^\.z-yv^x\tv^ 

[0 0 3 6] 4:^. Ty>,xr.;l.-[nlgS-Citii^^>'^|g 

mmx-^j: < mm^mmz-^ ^^xi,m:f]miR^no:i 

[00 3 7] S/c, ^WSmi^cTD-SII^-ftfflS-iirSjtA^cO 

ssn^^m-fx\>^^v><7)x\ mmi>zM:t i>ms&mi)^m. 
ft. Lj&^t. ^¥m^&i^mm.mi,zmmmia.<Dnib±^^ 
4 Jtr. im^^ xommzm-^uxm&jmmmmm^ii 
x\ M!S}f^m^mmtij:v^mm^ms^cr>m-f^<D:s^-( 

ffMm b fsmt comizmiSM^^^ txDc^ vux^ t > j 

[00 38] mmm2sm<r)DCMji'.x^^umy'yx 
-v^-r ^ xyv i mmcommmmm^mwiii . tmm i is 
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EE-rs/ift-cj: < , x^ -''^■>i^m<7ymmi^X'h^ 
<^x, mf&t^$ioif:>xmM^x-'hh, 

[0039] ^iRm3sEM(7)DCJ<ilX;^^ OMTyX 

'7^^xyv^ mm<r>mmmm^w,i . m^. 2 12 
wmmmmmmi>ziiv^x. ^K^mm\mxhh. z 

J; J: 0 ai:^-^^ 1 1 trJ^-Y it- K Sr^H" 

.■6 ^ . c commzx t b . b tx^a. 

^mb^^K). mm''^hisbxmMX'$>i. 
[0040] mmm5um<7>Dc/vux^^ omryx 
vt' xr i^-f ^Bi^i^s^Eijs^si^ ff 1 le 

i-z-mmth ^b ^y^ >^z^m-thmB^ b<m^m 

[0041 ]m^m6^McriDCr<i/i^X;<^'jm7°yX 

■^f^xy'uyfm&^Dmmmmm^sit, w^^iia 
ffeoD NVL-x^ qE y Mr ^xvt < xr u sacon 

yi'zmm.'t^^nb -v xr— ^^-r ^r- ks-:^- LT#*3ii7 

[0042] m^7iim(r>DC^Vl'X^^umryX 

-f xru-(mmcomm§mms^mmi±. is^ 1 le 

IEc7)D CyNVPX;^ ^ OmXyX'^T' h xrv >f ^fiO^ 
^fiomff*- 17 >'-f >'-9-{c J: S^fi^-^lc i 0 ai,i3-r^ >; 

Ltr^ ^- \'^itLXii^^m.s.cr)i^ij<r>nm&^m 

■< >iz^mthim.b 2m-^^z:itLX^my^ >'{c 
i^^^h^mbcr^m^mtirnd^Wx-^ ^y^mi3-^e> 

=1- 0 . mK^a X ify X -t— jf- K<7)a:?ijiHiK t s 

- N* tc:aitL h W^^^—mz-t^ X 0 lz-9tm.^-ti>^i^ 

m=Fb ^- K b timinzmm lx 2^igK^if ^ 



[004 3] 

IK? ' N/i x.;^ t *j sr^x-vx xru--^ ^Bii. 

"i^, -:-iOfi!i-'&ai7>«SiiES^^OD c^nVI^x;* ^: 'J St* 
t 0 0 4 4 ] la 1 \>Zii\-^Xit. ^^-i^^ HiffliOPSmi? 

^\-^> =JX9F» *>4.^-2.r-y£/j.r/Hg|?S3tCj: 0 
^^jl7-<>COM«r|gt!nJ--l>J:^t=5rL, ClcTjdtjl^-f 
>COMtmi3ll]JRII1^45g«!L, §f>t=^til^^>- 

[0 0 4 5] 47t. 7••y>'iT./^|l]§S3<7)>'^-f1^-f H{BS 
^com&tmtO (V) •C{i=5rv^(7)-C\ diOvw-*?-^ K 

z:nmiz^miii:ni-^i:'jiz^j:^tLxts'o. f^mmmm 

6, . 6|, CDliit}f^a.i , -. an Sr^^L, 

COMlzmm^tLfzm'hi , -, b„ i:iC-eJO^;tS 
i!$rffd^*X-f -/^6i ~6„ T-^fi^^^l. ^tg^ 
>COM<?3mJE*J'::ti:0 (V) co«EESr£ll::ft-r-i. J: o 

[0 04 6] i^C. i^mx-f y^6i ~6„ Ji. 

m^^amh^ys/x^j'Pi -p„ . nmM^m^hv> 

'JX-^Qi ~Qn . ^^.■t-KDpi~Dp„. r^:^-Y' 
D e 1 ~ D 0 „ is J: >- 7 :^ L p , ~ L p „ 3&» ^5 ^ -7 T V» 

l>. ^tfOSS&fciSt'T, ^<*X^-y^6i ~6t, (i. 

~6« kt^^t.fzM'^mf7)^^\.Z:!ifmLXlCifth 

zt^^X'Bh, 

[00471 01 ^^^L./iDC^^V^.X>^^ USr^X-v' 

oT02(25^-r. ^13. mmA. , Ah (cepjn-r-i. 
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DC yN-/Lx.x 1 0 Xvr ^ X7°^ ^Stc 

m^i-i-mmco^f^mzX'^xMtR^ix^, 
[004S] mitiXr/m2z:M^^x. zcddc^^ji-:^ 

(Dmit^m^M-th, r y>\xr;HHiff53co>'N-f^?--< Hiai 
o psm-^3am h ^ >- i^x ^ Fp ti it^o— tr-f Fiiito 

Si 4c:t yy'.-t y com 0^;?.Sr^T-?-CV^S. J^iTfCji^ 

i>mfsti . -. te . ■■■i±m9iZ7rrtwmtmtx'fi 
A^t, commiz^ ipftPMS^^*shx>:/x:^'p 

, *i^>\ NS«-^^^hx>'i''X^Qi i}i^y£OmS^ 
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<7)m40|IM<?5?^®i:-r.5.<Ii;**T'#l.. EI6i7)2S§? 
EKSti, ffitiifIRD t'yx-h-iJ^>f:t-h'ZDDari£ 

SJJlSRd t-yx-^-:5^-f :^-^'ZDD^=SSi^■SS^I^:- 
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